1. One hundred and fourteen pigs between 7 and 35d of age were given diets containing milk or soya-bean proteins in four separate experiments.
of the experiments while the average value for the milk-fed pigs was 85% at all ages. 8. At 35d of age, the fat content of the carcasses of the pigs given the ISP diet was 249g/kg DH compared to 164gFg DM for the pigs given the milk diets.
Artificial rearing of pigs from 2 d of age has been successful using liquid milk diets (Braude et al. 1970 ). However, it has been demonstrated (Wilson & Leibholz, 1979 ) that growth rates of 250 g/d can be achieved by pigs from 7-28 d of age given dry pelleted diets in which the source of dietary protein was milk.
Soya-bean proteins have been extensively fed to older pigs, but with pigs of 14d of age or less, the performance has always been lower on diets containing soya-beans proteins than for pigs given milk proteins (Hays el al. 1959; Maner et al. 1961) . It was, therefore, ofinterest to study the factors limiting the utilization of soya-bean protein for young pigs and to determine if soya-bean proteins could be improved by processing. Alkali treatment of soya-bean proteins has been shown to result in an improvement of pig performance (Lennon et al. 1971) while variations in the growth rates of turkey poults given different soyabean-protein isolates have been noted (Vohra & Kratzer, 1967) .
There is limited information on the sites of absorption of nutrients from the gastrointestinal tract of young pigs given different protein sources, although there have been studies on older animals (eg. Zebrowska, 1973) . Hence a detailed study of their performance and the absorption of nutrients from the gastrointestinal tract when given either milk or soya-bean proteins was carried out. The results are reported in this and subsequent papers (Wilson & Leibholz, 1981 a, b, c, d ) . feeds. Two-hourly feeding was chosen to equalize food intake prior to slaughter . The pigs were weighed and food consumption was recorded every 7 d except during the collection periods when food intake was recorded daily.
Diets
Expt 1. Solvent-extracted SBM replaced dried skim milk and casein in isonitrogenous diets. The composition of the diets is shown in Table 1 .
Expt 2. The alkali-treated SBF and SBM were prepared by mixing (40:60, w/v) the protein meals with sodium hydroxide (5 g/l for SBF, 4.5 g/1 for SBM). This gave a mix of pH 10.6 which was stirred continuously for 0.5 h at 300. The mixture was then dried for 12 h at 60°, flash-dried at 250' for 15 s and reground for mixing in the diets. The composition of the diets is shown in Table 2 .
Expt 3. Diets containing milk, ISP or SBM as the source of protein were supplemented with DL-methionhe to raise the total methionine and cystine content to the methionine and cystine content of whole egg (5-4g/16gN; Orr & Watt, 1968) as Walker & Kirk (1975) showed that this methionine level maximizes N retention in preruminant lambs. The ISP and SBM diets were also supplemented with lysine. The composition of the diets is shown in Table 3 .
Expt 4. The composition of the diets is shown in Table 4 . The liquid-milk diets given to pigs on this treatment contained 150 g dry matter (DM)/kg, prepared daily and stored at So. The pigs were bottle-fed six times daily. 
R. H. WILSON A N D J A N E LEIBHOLZ

Carcass preparation (Expts 3 and 4)
The empty bodies of the pigs (total carcass minus stomach, intestine and bladder contents) were weighed and stored at -20' until prepared for analysis. The frozen carcasses were sawn into pieces and minced through a cutter-grinder fitted with a 5mm screen plate.
Analytical methocis DM was determined on samples of ground food and fresh carcass in a forced air oven at 95O for 24 h. Total N was determined by the Kjeldahl method on food, faeces, urine and freeze-dried carcass. Carcass fat was determined on freeze-dried material by the Soxhlet method (Association of Official Agricultural Chemists, 1975), extracting the samples with light petroleum (b.pt 40-60°) for 18 h. Plasma urea was determined by the method of Chaney & Marbach (1962) and amino acid concentration in food samples by ion-exchange chromatography (TSM Amino Acid AutoAnalyzer ; Technicon Equipment Pty Ltd, Sydney) following hydrolysis in 6 M-hydrochloric acid for 24 h at 136' in an oil bath (Roach, 1968) . Blood plasma samples were deproteinized with 30 g sulphosalicylic acid/l.
Statistical rnethodr
The data were subjected to analysis of variance and least significant differences (P < 0.05) were used to statistically compare means (Steel & Torrie, 1960) . In Expt 4, with unequal replication the larger standard errors of the means were used and are given in the Tables. 
NS
FCR, food conversion ratio (g dry matter intake/g weight gain); NS, not significant.
* P < 0.05, *+ P < 0.01. t Live-weight gains were adjusted for initial live weight at 7 d of age.
RESULTS
Growth
Expt 1. The live-weight gains in Table 5 have been adjusted for initial live weight at 7 d of age by covariance analysis. Food conversion ratios were calculated over the 21 d period.
The substitution of milk protein by SBM reduced live-weight gains at each level of SBM inclusion. During the period from 7-14d of age, the weight gains of pigs given the diets in which SBM supplied 50 and 75% of the total dietary protein was 51 and 54% respectively of that of pigs given the all-milk-protein diet. By 21-28 d of age, this difference in performance was only 16 and 3 1 % respectively.
The relationship between the level of SBM fed and the individual live-weight gain of the pigs was described by the following equation :
average daily gain (g/d) = 254-6 -1 * 14 (percentage of soya-bean protein in diet). SD 44.86, S E~ 0.28, r -0.6 1.
The regression coefficient differed significantly from zero ( P < 0.01). Expt 2. Malfunctions in the air-conditioning and heating equipment during this experiment caused fluctuations in the temperature from 20-32O. This reduced the performance of pigs in this trial ( Table 6 ). The live-weight gains of pigs given the milk-protein diet in this experiment were approximately 55% below that achieved by pigs receiving a similar diet in Expt 1. The performance of pigs given the diets in which the protein source was from milk or alkali-treated SBM was significantly greater than the performance of pigs given the two SBF diets. Pigs given the milk-protein diet had significantly better weight gains and food conversion ratios than those given alkali-treated SBM as the protein source. The alkali treatment of SBF did not improve the performance of pigs above those fed untreated SBF as the protein source.
Expt 3. At all age-periods, the performance of pigs given the milk-protein diet was significantly greater than pigs given either ISP or SBM as the source of protein (Table 7) . Over the 21 d period there were no significant differences between the weight gains of pigs given the ISP or SBM diets. The addition of methionine and lysine to the ISP and SBM diets did not significantly improve weight gains at any age-period. During the period from 2 1-24 d of age amino acid supplementation significantly reduced live-weight gains and food conversion ratios of pigs fed the ISP diets. The addition of methionine to the milk-protein *** *** *** FCR, food conversion ratio (g dry matter intake/g weight gain). t Live-weight gains were adjusted for initial live weight at 7 d of age. * P < 0.05. ** P < 0.01, *** P < 0.001. diet resulted in a significant reduction in weight gains over the age-periods from 142421-24 and the entire 17d period although there were no significant differences in the food conversion ratios between the unsupplemented and methionine-supplemented milk-protein diets.
Expt 4. Pigs given the pelleted milk-protein diet had significantly improved performances over pigs given the pelleted ISP diet (Table 8 ). There was no significant difference between the live-weight gains over the 21 d period of pigs given the liquid-milk-protein diet and the pelleted milk or pelleted ISP diet. However, when live-weight gains were adjusted for DM intake over the 21d period, the performance of the liquid milk protein-fed pigs was significantly below that of pigs given the same diet in the pelleted form.
Apparent digestibility (AD) and N retention
Expt 1. The AD of DM and N decreased with increasing levels of SBM in the diet (Table 9 ). There were no significant differences between the two collection periods. N retention expressed as g/d, g/d per kg L W or as a proportion of intake remained similar for all diets in each collection period. However, there was a significant improvement in N retention (g/d) between the first and second collection periods for all diets and a significant improvement in N retention (g/d per kg LW) between the two collection periods for the two diets containing the highest inclusions of SBM. Expt 2. Pigs given the all-milk-protein diet had significantly greater AD of DM and N during both collection periods than pigs given diets containing soya-bean proteins ( Table 10 ). The alkali treatment of SBF resulted in significantly lower AD of DM and N than in pigs given the untreated SBF during the first collection period, though during the second collection period there were no significant differences between the SBF diets. The apparent DM and N digestibility of pigs given the alkali-treated SBM was significantly greater than for pigs given the alkali-treated SBF at both collection periods. The improvement in the AD of DM or N with age of pigs for all diets was not significant.
The retention of N was significantly greater for pigs given the milk-protein and alkali-treated SBM diets than for pigs given the two SBF diets. Alkali treatment of SBF did not have any significant effect on N retention of pigs.
Expt 3. Pigs given the diet containing all-milk protein had significantly greater AD of DM and N during both collection periods than did pigs given diets containing ISP or SBM as the protein source (Table 11 ). The addition of methionine or methionine plus lysine did not influence the AD of DM or N for pigs given the milk of ISP diets. However, for pigs given the SBM diet, methionine plus lysine additions reduced the AD of DM and N during both collection periods. The retention of N of pigs given the milk-protein diet was greater than for pigs given the ISP or SBM diets. Amino acid supplementation of each of the protein sources resulted in a reduction in N retention. Expt 4. The AD of DM and N were significantly greater for pigs given the milk-protein diets as compared to the ISP diet (Table 12 ). The retention of N during the collection period between 10 and 15d of age was significantly greater for pigs given the milk-protein diets than for pigs given the ISP diet. However, during the second collection period there were no significant differences in N retention of pigs between the two protein sources as all pigs received 2 g N/kg LW075 per d. When N retention was expressed relative to N intake the N retained was lower for pigs during the second collection period than the first collection period. There were no significant differences in any of the measurements due to the method of feeding the milk-protein diet.
Mean values for the apparent digestibilities of dry matter
Mean values for the apparent digestibilities of dry matter (DM) and nitrogen and N retention in pigs given diets containing isolated soya-bean protein or milk in pelleted or liquid form
Plasma amino acih and urea Expt 3. The plasma concentrations of free lysine, methionine, cystine and phenylalanine
were lower in pigs given the ISP or SBM diets than for pigs given the milk-protein diet (Table 13 ). However, the feed intake of the pigs given milk was greater than that of the pigs given ISP or SBM.
The total amino acid concentration in the plasma increased with amino acid supplementation of the protein sources fed. The indispensable amino acids as a proportion of the total amino acids increased with amino acid supplementation, but the increase was only significant for the pigs given the SBM diet.
Lysine supplementation of the ISP and SBM diets resulted in an increase in the plasma concentration of lysine, however, this increase was only significant for the pigs given SBM. Methionine supplementation resulted in large and significant increases in the plasma methionine concentrations and to a lesser extent increases in the plasma concentrations of cystine.
Concentrations of urea in the plasma were significantly lower in the pigs given the milk-protein diet than in pigs given the ISP or SBM diets.
Carcass composition Expt 3.
As there were no significant differences in the chemical composition of the carcasses with dietary amino acid supplementation of the respective protein sources, the values of the unsupplemented and amino acid-supplemented treatments have been grouped giving mean values of six pigs per treatment.
The amounts of crude protein (N x 6.25/g per kg DM) and total fat (g/kg DM) in the carcass of pigs given the three protein sources follow the trend of the empty-body-weights (Table 14) . Significantly lower amounts of protein and greater amounts of total fat were in the carcasses of pigs given the ISP and SBM diets than in the carcasses of pigs given the milk-protein diet. When calculated on a fat-free basis the carcasses of pigs given SBM contained significantly greater amounts of water and crude protein than pigs given the milk or ISP diets. Expt 4. There were no significant differences in the amounts Of DM (g/kg) or crude protein (g/kg DM) in thecarcasses of pigs giveneither protein source although the empty-body-weights of pigs given the ISP diet were significantly lower than the empty-body-weights of pigs given the pelleted milk-protein diets (Table 15) . However, the level of fat (g/kg m)in the carcasses of pigs given the ISP diet was significantly greater than in the carcasses of pigs given the milk-protein diets. When calculated on a fat-free basis, there were no significant differences in the amounts of water or crude protein in the carcasses of pigs given the two protein sources.
Expt 3. The concentration of indispensable free amino aciak and urea-nitrogen in the blood plasma (mmolll) of pigs given diets containing milk protein, isolated soya-bean protein or soya-bean meal
DISCUSSION
The live-weight gains of the pigs given the all-milk-protein diets in these experiments ranged from 250-280 g/d with food conversion ratios of 0.73-0.80 over the period from 7-28 d of age. Daily gains of suckling pigs from birth to 2 weeks of age have been reported to range from 165-226 g/d (Young & Smith, 1973; Aherne & Speer, 1974) .
Liquid and pelleted milk diets
There were no significant differences in the live-weights gains of pigs from 7-28d of age given milk-protein diets either in liquid or pelleted form (Expt 4). This experiment was not a strict comparison of liquid v. dry feeding, as the food intakes of the liquid-fed pigs were restricted to maintain DM intakes similar to pigs given the pelleted diets, approximately 210g/d. DM intakes were similar to those reported by for young pigs given pelleted diets. The latter authors found no difference in food conversion ratio between pigs given liquid or pelleted milk diets. However, the food intakes of the pigs given liquid milk were 59-76% greater than that of pigs given the pelleted diets. As the maintenance requirement for energy was a smaller proportion of the total energy intake in the liquid-fed pigs with the higher growth rates and food intakes, there should have been a lower food conversion ratio for the pigs given the liquid diet as compared to those given the pelleted diet. This would suggest that if the pigs of and also Eddie & McCracken (1972) had been fed at the same intake on both liquid and pelleted diets, the food conversion ratio of the liquid-fed pigs would be greater than that of pigs given the pelleted diet. This agrees with the results of Expt 4 where the food conversion ratio of the pigs given the liquid diet was greater than that of the pigs given the pelleted diet, when both groups were fed at 210g/d. There were no differences in the AD of DM or N when milk diets were fed in a liquid or pelleted form. This would suggest that there was a difference in the utilization of absorbed nutrients which may have been due to a difference in the retention time of liquid milk and dry milk in the digestive tract of pigs. In fact, in a subsequent experiment it was shown that the retention time of dry-milk diets in the stomach was much greater than that of liquid-milk diets . Hence, the rapid gastric emptying after feeding liquid diets may result in a less efficient utilization of nutrients.
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Soya-bean and milk proteins in the diet
The present results clearly indicate that soya-bean proteins as the only dietary protein source do not support similar performances for pigs up to 4 weeks of age as those given diets containing milk protein. Similar conclusions have been reached by numerous workers using ISP (Hays et al. 1959; Maner et al. 1961 ), SBF (Bayley & Holmes, 1972 ) or SBM (Hays et al. 1959 .
The effect of substituting SBM for milk protein in diets for young pigs resulted in a linear decrease in growth rates. Sherry et al. (1978) have also shown that daily gains and food efficiencies decreased as the amount of milk protein in the diet decreased for pigs from 2-23 d of age, but Zamora et al. (1975) concluded that SBM could be a major source of protein for artificially-reared pigs. However, their diets containing SBM contained 260 g crude protein/kg while the crude protein content of their milk diet was only 240g/kg. Also, the weight gains of the pigs in the study of Zamora et al. (1975) ranged from 100-150 g/d which is approximately half the weight gains obtained in the present experiment.
With pigs from 21-36d of age, Jones et al. (1977) found that SBF as a source of protein was equivalent to milk, but pigs of less than 18d of age were not able to utilize SBF efficiently. Colvin & Ramsey (1968) found that acid or alkali treatment of SBF produced gains in calves similar to that obtained with conventional milk substitutes. Also, Lennon et al. (1971) showed that alkali treatment of SBF and SBM fed in liquid diets to young pigs increased weight gains by 5 4 4 8 % and 60-77% respectively over that obtained by pigs receiving untreated protein sources. However, in Expt 2, the alkali treatment of SBF did not result in any significant improvement in performance of the pigs over that of pigs receiving the untreated SBF. In the present experiment the pigs were 7-28d of age while those of Lennon et al. (1971) were from 28-56d of age. It has been shown that the pig's ability to utilize soya-bean protein increases with age from 2-5 weeks of age (Hays et al. 1959; Jones et al. 1977) .
The method of preparation of ISP may explain the differences in performance obtained by pigs given either Promine D or Supro 610 as the only source of dietary protein. Alkali treatment is commonly used in the processing of soya-bean isolates (Circle & Smith, 1972) and strong alkali, pH 12.2, has resulted in the formation of lysine-alanine (de Groot & Slump, 1969) which is poorly absorbed. Vohra & Kratzer (1967) obtained differences in growth rates of turkey poults when given different ISP. Smith & Sisson (1975) gave soya-bean isolates and concentrates to preruminant calves, and they found that the method of preparation influenced the flow of N from the abomasum. The AD of N of the two soya-bean-protein isolates fed in the present experiment were 0.945 for Supro 610 and 0.916 for Promine D.
The small improvement in the AD of DM and N with increasing age of the pigs from 10-24 d when diets containing soya-bean proteins were fed confirms the observations of Hays et al. (1959) , but the AD of DM and N did not improve with increasing age of pigs given milk diets.
N retention as a proportion of dietary N intake was greater for pigs given milk-protein diets than soya-bean-protein diets. Similar results were obtained by Hays et al. (1959) who showed that the N retention in pigs at 2 weeks of age was greater when they were given diets containing milk protein than when they were given diets containing SBM (0-76 v. 0.51) although by 5 weeks of age the N retention had decreased for pigs fed the milk diets and remained at a similar level for pigs fed SBM diets.
Amino acid supplementation
Supplementation of the milk-protein diets with DL-methionine to a similar level of total sulphur amino acids as in whole egg protein (5.4gI16gN) reduced food intakes and live-weight gains and increased the plasma concentration of methionine in the pigs in Expt 3. Other workers have shown no response to methionine supplementation of milk diets for young pigs (Schiller & Ocio, 1963; although Walker & Kirk (1975) showed that the preruminant lamb receiving a similar dietary methionine level had increased N balance and the efficiency with which the apparently digested N was retained over lambs receiving an unsupplemented milk-protein diet. The addition of DL-methionine and lysine to the ISP and SBM diets reduced food intakes and increased the plasma concentration of methionine and lysine. Hays et al. (1959) showed that methionine supplementation of ISP and SBM diets increased weight gains and improved the food conversion and N retention of young pigs. However, the methionine concentration of their supplemented diets was only 2.7g116gN. In the present experiment, methionine was added to 54g/16gN, or 13*5g/kg diet, and it is concluded that these levels of dietary methionine may have been toxic to pigs of this age.
Methionine fed in excess has previously been shown to depress food intakes and growth (Benevenga & Harper, 1967) and these depressions are accompanied by an elevation in the plasma concentration of methionine (Harper & Benevenga, 1973) . Plasma amino acid concentrations may provide signals to reduce voluntary food intake via the central regulatory mechanism in the hypothalamus and other brain receptors. Rotruck & Boggs (1 977) showed that the food intake of rats was depressed and symptoms of toxicity produced by more than 8-12 g methonine/kg in low-protein diets, but methionine:crude protein in these experiments with rats was twice that in the present experiment.
Growth depression resulting from the ingestion of excess methionine is caused only partly by the reduction in voluntary food intake, as when birds were fed at equal intakes, weight gains were less for birds given excess methionine than those given a methionine-adequate diet (Baker, 1976) . So methionine per se results in a growth depression separate from that caused by a reduction in food intake. Harper & Benevenga (1973) associated elevated plasma methione concentrations in rats given excess methionine with a reduction in the rate of stomach emptying. This was not the situation in Expt 3 as the rate of stomach emptying of pigs given the amino acid-supplemented diets was not significantly different from that of pigs given the unsupplemented diets (Wilson & Leibholz, 1981 a) , but the plasma levels of methionine were elevated 20-fold over that of pigs given the unsupplemented diets. Fitzpatrick et al. (1975) found that the concentration of methionine in the plasma was unaffected by dietary concentration of S amino acids less than 9 g/kg, but doubled as the level in the diet was increased to 15 g/kg in the rat.
In Expt 3 increasing the lysine content of the ISP and SBM diets from 6.57.6 g/16 g N increased the plasma concentration of lysine by 30 and 55% respectively Chavez & Bayley R. H . W I L S O N A N D J A N E LEIBHOLZ (1976) gave pigs aged between 3 and 7 weeks dietary lysine levels from 2.6-7.8 g/16 g N and found that the level of lysine had no significant effect on the lysine concentration in the plasma. However, Mitchell et al. (1968) gave diets containing 3-1-54 g lysine/l6 g N and found that the lysine content of the plasma increased rapidly when the lysine content of the diet exceeded 4.9 g/16 g N.
Blood urea The concentrations of urea in the blood plasma were higher in the pigs given soya-bean proteins than milk proteins which supports the finding of Eggum (1970) that the level of blood urea is inversely proportional to the efficiency of N utilization.
.
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Carcass composition
The influence of protein intake on body composition would be most apparent with young rapidly-growing animals. The lower protein intakes (through reduced food intakes) of pigs given the soya-bean-protein diets in Expt 3 decreased the crude protein content and increased the total fat content of the body. In Expt 4 the lower food intakes and hence protein intakes of pigs given the ISP (Supro 610) also increased fat content of the body.
Studies with milk-fed lambs (Norton et al. 1970) have shown that feeding protein-deficient diets will depress growth rates and increase the fat content of the body at a given weight.
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